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The expression pattern of immunoproteasomes in human 
thymus has not been analyzed but may have important con-
sequences during thymic selection. Here we examined the 
expression patterns of immunoproteasome subunits in fetal 
and adult thymic tissues by immunohistochemistry and found 
that all three subunits are expressed in both cortical and me-
dullary stromal cells. These data suggest that thymic se-
lection in human can be affected by peptide repertoires gen-
erated by immunoproteasomes.
[Immune Network 2009;9(6):285-288]
The TCR (T Cell Receptor) repertoire of peripheral T cells is 
generated in the thymus by the interaction of the αβ TCR 
with  peptide-MHC  (major  histocompatibility  complex)  on 
stromal  cells.  Immature  thymocytes  are  positively  and  neg-
atively selected for recognition of self-peptides presented by 
MHC molecules (1,2). While positive selection of T cells takes 
place in the thymic cortex and is mediated by cortical epi-
thelial  cells,  medullary  epithelial  cells  as  well  as  hemato-
poietic stromal cells such as dendritic cells and macrophages 
mediate  negative  selection  (3,4).  These  two  different  proc-
esses shape the self-MHC restricted and self-peptide tolerant 
repertoire  of  peripheral  T  cells.
    MHC class I molecules are displayed on all nucleated cells, 
including specialized antigen presenting cells such as thymic 
epithelial  cells and  dendritic cells.  Cell-surface  MHC class  I 
in the thymus presents self-peptides to the outside world so 
that they can be recognized and then induce selection of im-
mature thymocytes. This sophisticated system depends upon 
the presentation of antigenic peptides into the groove of MHC 
molecules. The generation of these peptides requires the deg-
radation of proteins into peptide fragments by proteasomes 
(5).
    The constitutive proteasome is composed of 28 subunits ar-
r a n g e d  i n  f o u r  s t a c k e d  r i n g s ,  each  made  up  of  seven  sub-
units, two outer α and two inner β rings. Three (β1, β2 
and β5) of the seven β-subunits are proteolytically active 
(5). While these subunits are constitutively expressed, when 
cells are incubated with interferon-γ, they are replaced by 
newly-assembled  proteins,  large  multifunctional  peptidase  2 
(LMP2),  LMP7,  and  LMP10,  respectively,  leading  to  the  re-
placement  of  constitutive  proteasome  with  immunoprotea-
somes. Immunoproteasomes generate a spectrum of antigenic 
peptides different from those produced by constitutive protea-
somes  as  they  generate  peptides  with  increased  affinity  for 
MHC  class  I  (6-8).  A  recent  report  showed  that  expression 
of  immunoproteasome  subunits  is  differentially  regulated  in 
mouse thymic cortical and medullary stromal cells (9). In ad-
dition, studies with LMP2 and LMP7 deficient mice suggested 
that defects in immunoproteasome subunits affect the CD8＋ 
T  cell  repertoire  (10,11).  These  results  suggest  that  immu-
noproteasomes are involved in the selection process in thy-
mic  development.
    Here,  we  examined  the  expression  pattern  of  immuno-
proteasome  subunits  in  human  thymus  using  immunohisto-
chemical  assay.  Interestingly,  all  three  of  the  immunopro-
teasome subunits (LMP2, 7, and  10)  were  detected  in both 
cortical  and  medullary  stromal  cells.
    Thirty paraffin-embedded thymic tissues (1 from myasthe-Expression Pattern of Immunoproteasomes in Human Thymus
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Table I. Expression of immunoproteasome subunits in human thymic tissues
Age (year) Sex Number of cases LMP-2 LMP-7 LMP-10
  4* Female   1 ＋＋ ＋
40
† Male   1 ＋＋ ＋
41
† Female   1 ＋ n.d.
‡ ＋
         Fetus 27 ＋ (25 cases)
§, n.d. (2 cases) ＋ (24 cases), n.d. (3 cases) ＋ (27 cases)
         Total 30 ＋ (28 cases), n.d. (2 cases) ＋ (26 cases), n.d. (4 cases) ＋ (30 cases)
*This patient was diagnosed as myasthenia gravis. 
†These patients were diagnosed as thymoma. 
‡n.d. indicates ‘Not Determined’. 
§The
numbers in parentheses mean the numbers of cases of the indicated findings
Figure 1. Thymic sections from human adults and fetuses were examined by immunohistochemistry using antibodies for three immunoproteasome
subunits (LMP2, 7, 10) at maginification of ×200 (top row: A, B, C) or 400 (bottom row: D, E, F). (A, D) LMP2; (B, E) LMP7; (C, F) LMP10.
Cells that appear brown are positive for immmunoreactivity. Three subunits are expressed exclusively in stromal cells such as epithelial cells
and macrophages of both the cortex and medulla, but not thymocytes. Staining antibodies and magnification folds are indicated.
nia gravis, 2 from thymoma, and 27 from fetal thymi) were 
obtained from the files of the Department of Pathology Seoul 
National University Hospital, from the period of 1997 to 2004. 
Immunohistochemical staining of formalin-fixed paraffin-em-
bedded  tissue  sections  were  performed  with  primary  anti-
bodies for human immunoproteasome subunits (LMP2, 7 and 
10 respectively, provided by S. Ferrone, Roswell Park Center 
Institute,  (12))  and  Envision-polymer-HRP  kit  (DAKO,  Glo-
strup,  Denmark).
    The  characteristics  of  patients  and  expressions  of  immu-
noproteasome subunits are summarized in Table I. In both 
fetal and adult thymic tissues, the stromal cells such as epi-
thelial cells and macrophages in the cortex and medulla were 
immunopositive for LMP2, 7 and 10. However, immature thy-
mocytes did not show immunoreactivity for all three different 
immunoproteasome  subunits.  Representative  staining  exam-
p l e s  a r e  s h o w n  i n  F i g .  1 .
    The proteasomal system has been optimized by evolving 
alternative  proteolytically  active  subunits  whose  expression 
depends on interferon-γ produced during immune response. 
B y  c o m p a r i n g  t h e  a m i n o  a c i d  s e q u e n c e s  o f  a c t i v e  s i t e s  o f  
constitutive  and  immuno-proteasome  subunits  it  predicted Expression Pattern of Immunoproteasomes in Human Thymus
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that the immunoproteasome specializes to generate peptides 
with hydrophobic and basic carboxyl termini, which can be 
preferred by MHC class I. Therefore, the immunoproteasome 
seems to generate a specialized peptide repertoire that is like-
ly  to  be  enriched  for  immunocompetent  peptides  (5,13). 
Substantial  differences  between  peptide  repertoires  of  con-
stitutive and immuno-proteasomes would mean that following 
secretion of interferon-γ during infection, interferon-γ ex-
posed cells would display peptides that were not presented 
in the absence of infection. This suggests that a more diverse 
TCR repertoire is needed to deal with many kinds of patho-
gens  under  inflammatory  conditions.
    In this study we demonstrated that three subunits of im-
munoproteasome are expressed in thymic stromal cells such 
as  epithelial  cells,  not  thymocytes.  Self-peptides  and  MHC 
molecules in thymic cortical epithelial cells are indispensable 
in thymic positive selection (1,14). In addition it was reported 
that a diversity of peptides presented by MHC in the thymus 
is important in shaping a diverse repertoire of mature T cells 
(15). Together, including our data, it is conceivable that the 
imunoproteasomes  in  cortical  epithelial  cells  of  fetal  thymi 
may contribute to the generation of a peptide repertoire large 
enough  for  positive  selection  of a  f u l l y  d i v e r s e  T C R  r e p e r -
toire.
    We also reported that immunoproteasomes are expressed 
i n  c o r t i c a l  a s  w e l l  a s  m e d u a l l y  e p i t h e l i a l  c e l l s  a n d  m a c r o -
phages. During the course of infection, interferon-γ exposed 
cells display self-peptides generated by immunoproteasomes. 
This clearly necessitates clonal deletions of TCRs recognizing 
self peptides generated under condition of infection from the 
T cell repertoire and assumes that immunoproteasomes should 
be expressed in medullary epithelial cells and macrophages 
of  the  thymus.
    In  contrast  to  our  human  data,  a  recent  paper  showed 
more complicated expression patterns of immunoproteasomes 
in mouse thymus. In mouse thymus, although immunopor-
teasomes were expressed highly in medullary epithelial cells 
or  dendritic  cells,  they  were  not  expressed  in  cortical  epi-
thelial cells in absence of interferon-γ treatment or Listeria 
infection (9). The differences in expression patterns can be 
explained in many ways. First of all, the above paper utilized 
different detection methods. We used immunohistochemistry 
and  did  not  manipulate  the  tissue  except  for  fixation  and 
staining. However, the above authors isolated cells and then 
analyzed the expression pattern by RT-PCR and immunoblot-
ting (9). Therefore, it could not exclude that the manipulating 
step  such  as  the  isolation  procedure  affected  the  immuno-
proteasome  expression.  Second,  we  should  consider  differ-
ences in species. It can be speculated that although a peptide 
repertoire generated in the absence of immunoproteasomes 
could select TCR repertoires diverse enough to survive during 
a short mouse life span, immunoproteasomes and more di-
verse peptides would be needed to shape complete TCR rep-
ertoire in the case of humans (with a much longer life span).
    In  this  study  we  did  not  detect  possible  functional  con-
sequences  of  differential  immunoproteasome  expression  in 
thymic stroma. Further functional studies using in vitro sys-
tems such as thymic organ cultures and knock-down systems 
may shed light on the roles of immunoproteasomes in thymic 
selection  in  humans.
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